Purpose: This study aimed to assess the effect of Boston brace on trunk muscles length as well as lower limbs and trunk range of motion in patients with idiopathic scoliosis.
Introduction
diopathic scoliosis is a lateral spinal and body deformity [1, 2] , which is seen in previously used-to-be healthy people with no reason. Various factors such as central nerves system disorders, asymmetry in the muscles around the spine, genetics, and endocrine system problems are listed as the reasons for scoliosis.
There are several treatments for scoliosis such as physiotherapy, brace therapy, occupational therapy, casting therapy, stretching the muscles, and surgical procedures [4] [5] [6] [7] [8] . Using brace in scoliosis treatment is common and the main objective of brace therapy is to reduce and I control the progression of the sine curvature [4, [9] [10] [11] . However, studies on the effects of brace on the length of the muscle fibers in these patients are scarce and inconclusive as whether using brace is capable of maintaining the changes in both sides of curvature (its convexity and concavity).
Studies conducted in patients with scoliosis using brace while walking mostly examined kinematic and kinetic variables. Wong et al. in their analysis on the effects of orthotics on lower limbs, hip, and shoulder found out that orthotics could cause a stiff gait pattern in walking and consequently the movement range limitation in shoulders, body, pelvis, and hip joint. Mahaudens et al. in a lengthy investigation on the effects of orthotics concluded that long-term use of orthotics increased the hip movement and pelvis in frontal plane, though the shoulder movement decreased. There are theories about muscle imbalance as the cause of scoliosis, but none has been proved yet [14, 15] . Two active and passive theories discuss the effects of brace in curvature correction [16] .
In the passive theory, the force from the brace blocks the curve progression, which is in contrast to the active theory of muscle contraction with the use of orthotics [16] . The study on patients with scoliosis so far focused mostly on the electrical activities of the muscles [14, 15] and quantitative studies on the changes in the length of the muscle fibers in these patients has been done by using simulating software. To our knowledge, these studies are limited into 2 "case studies". In one study, a patient's hip and lower back muscle fiber, with lateral S-shape curvature between the right and left leg [17] and in another study the length of the muscle fiber in 2 situations without wearing brace and during walking were analyzed [18] . The study results had shown no significant differences in the length of the body and the lower back muscle fibers in the convexity and concavity side [17] . In another study, putting on braces had shown no significant differences in the length of the body muscle fibers and hip during walking [18] .
Knowing the changes in the length of the body muscles when using brace is of significant importance. By using the mentioned information, the rehabilitation specialists can treat and rehabilitate the patients with scoliosis with a new approach. Therefore, because of few quantitative studies on muscle fibers of the patients with scoliosis (2 case studies) [17, 18] and the importance of this issue in the treatment and rehabilitation of scoliosis, the present study aimed to investigate the effects of Boston brace on the length of the body muscles in these patients.
Materials and Methods
The present study has a pretest-posttest single group design in which 5 patients with scoliosis, living in Isfahan City, participated. The anthropometric characteristics of the subjects are presented in Table 1 . This study was done in the first half of 2015 after obtaining the ethical approval from the Research Ethics Committee of Isfahan University of Medical Sciences, Musculoskeletal Research Center, School of Rehabilitation, and Isfahan Medical Science University. Because of the large variety of scoliosis and the research focus on the C-shaped curvature scoliosis, necessity of recruiting patients used Boston Brace for at least 6 consecutive months and taking their consent to participate in the research, it was actually impossible to enroll more patients in this study. In addition, the sample size was calculated in Minitab software with the power of 0.8. Before running the test, all subjects' parents were asked to sign the consent forms. The subjects were introduced by the specialists from the scoliosis special clinic. All the stages of the examination and determining the angels and the scoliosis peak curve were done by the spinal surgeons. The inclusion criteria of the subjects in the study were as follows: • Background of using brace for 6 months, and
• Absence of any other musculoskeletal problems affecting walking and standing.
Subjects with a history of other diseases were excluded from the research. All subjects had used Boston Brace. This is a short thoracolumbosacral brace that has posterior valve made of polypropylene. The area involved in brace was designed and made in the front from xiphoid to pubis and in the back and sides proportional to the patient's curvature pattern. All subjects had not used any braces other than the Boston Brace and wore it for at least 6 months.
Instruments
We used qualysis motion analysis system (made by Qualysis Company, Switzerland) with 7 cameras for measuring gait kinematic variables. Also, center of pressure Kistler force plate (600×500 mm, model SA 9260) (manufactured by Kistler, Switzerland) was used to record ground reaction force. The force plate was installed at the center of the pitch trajectory. The cameras were on both sides of the trajectory at a distance of 4 km from the center of power. Stepping path length was 10 m and a calibration space path was defined so that the force plate was at the center of this cubic space. Subject's distance from the walking point to the force plate was 5 m. Figure  1 shows the attachments of 22 body markers, which reflect the infrared light with a diameter of 14 mm. These markers are on the surface of anterior superior iliac spine, the posterior superior iliac spine, interior and posterior epicondyle on both right and left sides, heels, the first and fifth metatarsal heads and acromioclavicular joint on right and left sides, sternum, head and seventh cervical vertebrae. Also, 4 clusters, including 4 markers ( Figure  1 ) are connected to the thighs and legs (right and left).
The protocol on the body alignment markers was based on the protocol approved by the University of Strathclyde, Glasgow, England. Data collection frequency was 120 Hz. The data were filtered by a low pass filter with a frequency of 10 Hz. To record the kinematic data, Qualysis Track Manager (QTM) software (version 7.5, the Qualysis Company Production, Switzerland) was used. Also, Visual 3D application (version 4, C-motion Company, USA) was used to model the patient's musculoskeletal system. The output of the Visual 3D was fed to OpenSim software (version 3, Stanford University, USA) to check the length of the muscle fiber in the body. Figure 1 shows the different stages to extract data from OpenSim. This application is a simulator and analyzer of the musculoskeletal system that allows the movement analysis. By simulating the musculoskeletal system, the diagnosis and treatment of pathological and abnormal movements are possible. It is also possible to investigate the biomechanical effects on the musculoskeletal system by this application [20] . After calibrating the cameras and force plate, the anthropometric data were initially recorded. Then, the subjects walked in the direction of the stepping way and the markers images and force plate data during walking were recorded. The test was conducted with and without brace. Every subject was tested 5 successful times with brace and 5 successful times without brace. Qualysis software was used to record the standing and swinging phases during walking.
Research variables
Spatiotemporal gait variables (cadence, stride length, and walking speed), the range of the lower extremities and body trunk in 3 plates, and the muscle fiber length of the spinae erector muscles as well as internal and external oblique were examined in this study. To standardize the data for the next scale, the muscle length changes were normalized to the same resting muscle. Normal distribution of the data was analyzed by Shapiro-Wilk test in SPSS. After confirming the normal distribution of the data, we used correlated t-test to analyze the data in SPSS version 22, at the significant level of P<0.05. Table 2 compares the spatiotemporal parameters of gait that shows cadence, gait speed, and step length as 106.7±8.07 step per minute, 1.12±0.12 meter per seconds, and 1.26±0.02 meter, respectively during walking without brace that had no significant difference with the same variables during walking with brace (P>0.05).
Results
The means and the standard deviations range of lower limb movement and trunk are presented in Table 3 . The range of the motion in trunk (body) in sagittal plane during walking without brace was found 8.41±0.90 degrees that 3.20 degrees was more than walking with brace (P=0.02). The horizontal (P=0.42) and the frontal planes (P=0.10) of trunk motion range, also had shown no significant difference during walking with and without brace in patients with scoliosis. Although the sagittal plane motion (P=0.23) and the pelvis horizontal (P=0.80) plane had no significance difference during walking with brace and without brace, the pelvis frontal plane motion range during walking with brace was significantly more than walking without brace (P<0.00). Ankle muscle motion range (P=0.37), knee (P=0.39) (sagittal plane), and the hip muscle were analyzed in sagittal (P=0.31), frontal (P=0.97), and horizontal (P=0.35) planes and no significant difference was seen during walking with and without brace.
Muscle fiber length was another variable measured in this study. Erector spinae and the internal and external oblique muscle fiber length on the right and left sides were measured (Table 4) . As it is seen, the length of muscle fibers in the erector spinae on the right (P=0.57), left (P=0.82), and external oblique on the left (P=0.007) decreased during walking with brace. However, the changes in the length of the internal oblique muscles on the right (P=0.057) and the left (P=0.83) and the external oblique on the right (P=0.36) were similar during walking with and without brace (P>0.05).
Discussion
The present study aimed at investigating the effects of Boston Brace on the muscle fiber length of the trunk muscles in the patients with idiopathic scoliosis during walking. The results showed that the length of the muscle fibers slightly decreased in erector spine and external oblique. Therefore, Boston brace reduces the length of the fibers in some muscles. To the authors' knowledge, there are very few studies on the changes in the length of the muscles. In 2 studies [17, 18] , the length of the erector spinae, internal and external oblique was analyzed and although no significant differences were found with regard to the use of brace, the kind of brace and the curvature were significant [17, 18] . In another study, the researchers also concluded that multifidus muscle was shorter in the convex curve [17] . In this study due to the lack of the software, it was not possible to measure the multifidus muscle.
One of the fundamental methods in the treatment of the scoliosis is using brace and Maruyama et al. in their latest research referred to it as an evidenced-based therapy. Scoliosis leads to an adverse deviation in the spine. This adverse deviation, especially in the immature people ends with the symptoms such as backache, spine mobility decrease, low lungs' function and or psychological symptoms like poor self-image that can lead to low selfesteem [23, 24] . Scoliosis, however, is a lateral curvature in the spine that affects the consistency of standing and walking kinematics [25, 26] .
The results showed that although the patients' movement range during walking with brace in most of their muscles and most walking planes were lower than those in walking without brace, these decreases were not significant. The motion range of the sagittal trunk during walking with brace was significantly 3.2 degrees lower than the walking without brace. These limitations in the motion rang of the trunk in the sagittal plane during walking with brace can be related to the brace function in the motion range. The brace used in the present study was Boston brace. The area covered by the brace in the Table 4 . The results of the correlated t-test of the normalized changes in the length of the fiber muscle to the resting length in 2 groups with and without brace. front started from xiphoid appendage to the pubis and fitted the back and lateral curve and changes for each pattern with scoliosis curvature. What is clear is that the posterior brace interfering which is from xiphoid appendage to the pubis muscle limits the trunk flexion and extension. This imposed limitation by the brace, with the decrease in the trunk movement range in sagittal plane, is present in the patients. Pelvis motion in the frontal plane had a significant increase during walking with brace. This increase in the motion range in of the pelvis frontal range probably is a compensatory movement to decrease in the spine motion range. It is necessary for making a movement range for walking.
P-value
The researchers did not observe any significant difference in the convexity and concavity of the patients with scoliosis [17, 27] and stated that the decrease in the range for pelvis, trunk, and shoulder movements were very low and from 1.6 to 4.6.
Researchers also reported that in investigating the motion range of patients with scoliosis and arthritis during walking compared to the patients without arthritis, the trunk motion range of these patients significantly decreased in sagittal, frontal, and horizontal planes [13, [29] [30] [31] .
Although the results of the present study showed that the trunk motion range decreased in the sagittal, frontal, and horizontal planes, the observed significant difference was just correspondent with the researchers' results in the trunk sagittal motion range.
With regard to the changes in the muscle fibers, however, few studies and cases have been reported [17, 18] . Given the importance of the issue, more research on the changes in the length of the muscle fiber in scoliosis is needed. The results of the present study on the length of the trunk muscle are distinctive. The results showed that using the brace decreased the length of some muscles in patients with scoliosis during walking. However, the decrease in the length of the fiber was only seen in the right and left erector spine and left external oblique, no changes were observed in the length of the other muscles. Also, the decrease in the length of the mentioned muscles was not significant, this little amount of change in the length may probably been resulted from the unskillful use of brace.
The results of the motion range showed that the trunk motion range in sagittal plane decreased indicating a limitation in the trunk motion by brace. Using brace and limitation in the trunk motion during walking changes the length of the trunk muscles, especially the external oblique and erector spine. Some studies reported an asymmetry in the electromyographic activity of these muscles as the main cause of scoliosis. Other studies (conducted with the control group) indicated the simultaneous and longer contraction increase in the muscles of the related convexity and concavity that might be the reason of limited trunk and pelvis motion of the patients compared to the normal group [28] . The results of the other studies also indicated no significant difference in the length of the erector spinae, internal and external oblique muscles in both right and left sides of the patients with scoliosis by using orthotics [17] .
The results of the present study showed that the length of the erector spinae and external oblique during wearing brace decreased. Therefore, it is recommended that physiotherapists and rehabilitation specialists consider the increase in the flexibility of the erector spine and external oblique muscles. Because using brace limits the movement and changes in the length of these muscles, the activities in these muscles, probably, will be affected by the brace during walking. In the long run, the lower activities of these muscles will eventually lead to the muscle weakness. Therefore, more research is needed to examine and investigate the amount of forces produced by these muscles during walking with and without brace.
Because of the software limitations, it was not possible to examine all the trunk muscles, which are probably influential in the scoliosis. Another limitation of the study was the small size of the sample. Therefore, due to the few studies on this field of and its novelty, it is recommended that this research be conducted on a larger group of the patients with scoliosis.
Wearing brace can decrease the range of the trunk motion, especially in the sagittal plane which leads to the changes in the length of the erector spinae muscles and external oblique. Therefore, it is recommended that rehabilitation staff consider the flexibility and strengthening these muscles. More research is needed to investigate the weakness of these muscles after a long-term use of the brace.
